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Description 

[0001] The present invention is a hydrosilation process where a silicon hydride is reacted with an unsaturated com- 
ponent in the presence of a platinum catalyst and an aldehyde accelerator. Our aldehyde accelerators are especially 
5 useful for facilitating the hydrosilation of unsaturated components where the unsaturation is in the internal portion of 
the components structure, for example, as in cyclopentene and cyclohexene. 

[0002] It is known in the art to produce organosilicon compounds by reacting a silicon hydride compound with an 
unsaturated organic compound in the presence of a catalyst. This reaction is typically refenred to as hydrosilation or 
hydrosilylation. Normally, the catalyst is platinum metal on a support, a platinum compound usually in a solvent or a 
10 platinum complex. 

[0003] U.S. Patent 2,823,218 teaches a method for production of organosilicon compounds by reacting Si-H with a 
compound containing aliphatic carbon atoms linked by multiple bonds in the presence of chloroplatinic acid. Likewise, 
U.S. Patent 3,220.972 describes a similar process where the catalyst is a reaction product of chloroplatinic acid. Also, 
this latter patent suggests the catalyst may be a complex of RCI2 and an ether or aldehyde derived from octyl alcohol. 

15 [0004] One of the problems known in the art about hydrosilation reactions is the de-activation of the catalyst prior to 
reaction completion. One method for reactivation of catalyst has been to expose the reaction mixture to oxygen. For 
example. U.S. Patent 4,578.497 discloses the use of an oxygenated platinum catalyst for use in hydrosilating alkylsi- 
lanes. U.S. Patent 5,359,111 claims a method for controlling hydrosilation reactions by controlling the concentration 
of oxygen in the reaction mixture, relative to platinum that is also present. 

20 [0005] In addition to the de-activation problem of the platinum catalyst, hydrosilation processes in the art are not 
effective in hydrosilating intemal unsaturated bonds in organic molecules. We have unexpectedly found that certain 
aldehydes act as accelerators for platinum catalyzed hydrosilation processes. These aldehyde accelerators are sur- 
prisingly effective in facilitating the hydrosilation of internal unsaturated bonds of organic molecules. 
[0006] U.S. Patent 5,424,470 reveals a hydrosilation process where silicon hydride is reacted with an unsaturated 

25 component in the presence of platinum catalyst and an unsaturated ketone accelerator. 

[0007] U.S. Patent 5,449,802 shows a hydrosilation process where silicon hydride is reacted with an unsaturated 
component in the presence of platinum catalyst and an accelerator selected from acetylenic alcohols, silated acetylenic 
alcohols and acetylenic ethers. 

[0008] We claim a hydrosilation process where a silicon hydride is reacted with an unsaturated component in the 
30 presence of a platinum catalyst and an aldehyde accelerator. This hydrosilation process comprises contacting (A) a 
silicon hydride described by formula R^a'^b^''X4.a.b (^) where each Ri is independently selected from alkyi groups 
comprising one to 20 carbon atoms; cycloalkyls comprising four to 12 carbon atoms and aryls; each X is independently 
selected from halogen atom or organooxy radicals described by fonmula -0R^ where is as previously described, 
a=0 to 3, b=1 to 3 and a+b=1 to 4; and (B) an unsaturated reaetant selected from a group consisting of (i) substituted 
35 or unsubstltuted organic compounds containing non-aromatic, unsaturated carbon-carbon bonds, (li) silicon com- 
pounds comprising substituted or unsubstituted organic substituents containing non-aromatic, unsaturated carbon- 
carbon bonds, and (iii) mixtures of (i) and (ii); in the presence of a platinum catalyst selected from platinum compounds . 
or platinum complexes and an aldehyde accelerator, provided that if the unsaturated component (B) represents an 
alkene having at least four cart>on atoms, the substituent R^ of the silicon hydride is a methyl group. 
40 [0009] The contacting of silicon hydride with the unsaturated component is effected in standard type reactors for 
conducting hydrosilation processes. The contact and reaction may be successfully run as a continuous, semi-contin- 
uous or batch process. 

[0010] Silicon hydrides useful In the present process are described by formula (1). where each R^ is independently 
selected from a group consisting of alkyls comprising one to 20 carbon atoms, cycloalkyls comprising four to 12 carbon 
45 atoms and aryls; a=0 to 3. b=1 to 3 and a+b=1 to 4. R^ is thus a substituted or unsubstituted alkyl. cycloalkyi or aryl 
as described. 

[0011] In formula (1) it is preferred that each R^ is independently selected from alkyls comprising one to six carbon 
atoms. Even more preferred is when each R** is methyl. 

[0012] Also in formula (1). each X is independently selected from halogen atoms or organooxy radicals described 

50 by fonmula -OR'', where R^ is as previously described. Prefen^ed is when X is chlorine. 

[0013] Examples, of silicon hydrides of fomnula (1) which are useful in the present process include trimethylsilane, 
dimethylsilane. triethylsilane. dichlorosilane, trichlorosilane. methyldichlorosilane, dimethylchlorosilane, ethyldichlo- 
rosilane, cyclopentyldichlorosilane, methylphenylchldrosilane, (3,3,3-trifluoropropyl)-dichlorosilane and methylmeth- 
oxychlorosilane. A preferred silicon hydride is selected from methyldichlorosilane or dichlorosilane. 

55 [0014] The silicon hydride is contacted with an unsaturated component selected from a group consisting of (1) sub- 
stituted or unsubstituted organic compounds containing non-aromatic, unsaturated carbon-carbon bonds, (ii) silicon 
compounds comprising substituted or unsubstituted organic substituents containing non-aromatic, unsaturated carbon- 
carbon bonds, and (iii) mixtures of (i) and (ii). For this invention, "unsaturated" means that the compound contains at 
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least one carbon-carbon double bond. 

[0015] More specific examples of the unsaturated components of the present process include unsubstituted cy- 
cloalkene compounds comprising at least four carbon atoms, substituted cycloalkene compounds comprising at least 
four carbon atoms, linear alkene compounds comprising two to 30 carbon atoms, branched alkene compounds com- 
prising four to 30 carbon atoms and mixtures of two or more of any of the above. 

[00161 The useful substituted or unsubstituted cycloalkene compounds are those containing one or more unsaturated 
carbon-carbon bonds in the ring. The unsubstituted cycloalkene compounds are, for example, cyclobutene, cyclopen- 
tene, cyclohexene, cycloheptene, cyclooctene, cyclopentadiene, 1,3-cyclohexadieneand 1.3.5-cycloheptatriene. Sub- 
stituted unsaturated compounds are 3-methylcyclopentene. 3-chlorocyclobutene, 4-phenylcyclohexene and 3-meth- 
ylcyclopentadiene. The preferred cycloalkene compounds are cyclohexene and cyclopentene. 
[0017] Other unsaturated organic compounds in the present process are linear or branched alkenyl compounds 
including, for example, compounds with tennina! unsaturation such as 1-hexene and 1 ,5-hexadiene, compounds with 
internal unsaturation such as trans-2-hexene and unsaturated aryl containing compounds such as styrene and a- 
methylstyrene. 

[0018] The unsaturated components may also comprise halogen or oxygen in the fomn of acids, anhydrides, alcohols, 
esters, ethers and nitrogen. Mixtures of two or more of the above described unsaturated organic compounds may also 
be used In our present process. 

[0019] The unsaturated organic compounds comprising halogen may include, for example, vinyl chloride, allyl chlo- 
ride, allyl bromide, allyl iodide, methallyl chloride, trichloroethylene, tetrachloroethylene, tetrafluoroethylene. chloro- 
prene. vinyldiene chloride and dichlorostyrene. 

[0020] Suitable unsaturated organic compounds comprising oxygen include, for example, ethers such as allyl or vinyl 
ethers; alcohols such as allyl alcohol (vinyl carbinol), methylvinylcarbinol and ethynyldimethyl-carbinol; acids such as 
acrylic, methacrylic. vinylacetic, oleic, sorbic and linolenic; and esters such as vinyl acetate, allyl acetate, butenyl 
acetate, allyl stearate, methylacrylate, ethylcrotonate. diallyl succinate and diallyl phthalate. Suitable nitrogen contain- 
ing unsaturated organic compounds include indigo, indole, acryionitrile and allyl cyanide. ' * 
[0021] Specifically included within our definition of unsaturated organic compounds are those substituted by orga- 
nofunctional moieties such as 

CH2=CHCH20C(0)C(CH3)=CH2, 
CH2=CHCH2NHCH2CH2NH2. 



■ mCH*"CCH 

\/ 

o 



CH2=CHCH2SH 
CH2=CHSi{0(CH2)2QCH3}3 and 

CH2=CHCH2NHCH2CH2NHCH2(C6H4)CH=CH2. 

[0022] Our unsaturated organic compound can be a silicon compound comprising substituted or unsubstituted or- 
ganic substituents as described by, for example, the following formulas (CH2=CH(CH2)g)hR\Si(OR'')4.h.i and (CH2=CH 
(CH2)g)hR\SiCl4.h.i, where is as previously described, g=0 to 12, h=1 to 3, i=0 to 3 and h+i=1 to 4. 
[0023] Prior to contact of the silicon hydride with the unsaturated component, it may be preferable to treat or purify 
this component. Methods useful for treating or purifying such components are those known In the art for treating or 
purifying unsaturated organic compounds and include distillation or treatment with an adsorbent such as activated 
alumina or molecular sieves. 
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[0024] The relative amounts of silicon hydride and unsaturated reactant used in our claimed process is varied within 
wide limits. Although one unsaturated cariaon-carbon linkage per silicon-bonded hydrogen atom is stoichiometric, there 
is no requirement that our process be solely run under stoichiometric conditions. Generally, it is preferred that our 
process be run with a stoichiometric excess of silicon hydride. Prefen-ed is when the process is njn at 0.1 to ten percent 

5 of stoichiometric excess of the silicon hydride. However, in some situations for safety reasons, it may be prefen-ed to 
mn the process with an excess of unsaturated component, for example, when the silicon hydride is dichlorosilane. 
[0025] The silicon hydride and unsaturated component are contacted in the presence of a platinum catalyst selected 
from platinum compounds and platinum complexes. Any platinum containing material which effects the reaction be- 
tween the silicon hydride and an unsaturated carbon-carbon bond of the unsaturated organic compound is useful in 

10 our invention. Examples of useful platinum catalysts are described, for example, in U.S. Patents 4,578,497. 3,220.972 
and 2,823.218. 

[0026] The platinum catalyst can be, for example, chloroplatinic acid, chloroplatinic acid hexahydrate, Karstedfs 
catalyst (i.e. a complex of chloroplatinic acid with sym-divinyltetramethyldisiloxane). dichloro-bis(triphenylphosphine) 
platinum(ll), cis-dichloro-bis(acetonitrile)-platinum(ll), dicarbonyldichloroplatinum(ll), platinum chloride and platinum 

15 oxide. 

[0027] A preferred platinum catalyst is selected from the group consisting of chloroplatinic acid, chloroplatinic acid 
hexahydrate and platinum vinylsiloxane complexes such as a neutralized complex of chloroplatinic acid or platinum 
dichloride with sym-divinyltetramethyldisiloxane. 

[0028] Generally, those concentrations of platinum catalyst which provide at least one mole of platinum metal per 
20 billion moles of unsaturated cariDon-carbon bonds added by the unsaturated component are useful in the present 
process. Concentrations of platinum catalyst providing as high as one mole of platinum metal per one thousand moles 
of unsaturated carbon-carbon bonds from the unsaturated component are more useful. Higher concentrations of plat- 
inum may be used if desired. A prefered concentration of platinum catalyst provides one to 1000 moles of platinum 
metal per 1 X 10^ moles of non-aromatic unsaturated carbon-cartoon bonds from the unsaturated reactant, 
25 ~ [0029] The platinum catalyst may be dissolved in a solvent for ease of handling and to facilitate measuring the small 
amounts typically needed. Suitable solvents include, for example, non-polar hydrocarbon solvents such as benzene, 
toluene and xylene; and polar solvents such as alcohols, ketones, glycols and esters. 

[0030] Our present process is carried out in the presence of an aldehyde accelerator. This accelerator is. for example. 

those aldehydes described by formula R2HC=0, where R2 is a monovalent hydrocart)on or organooxy radical com- 
30 prising one to 20 carbon atoms. R2 is selected from the group consisting of an aryl, aralkyi, aralkenyl, cycloalkyi, 

cycloalkenyl, alkyl and alkenyl. R2 is. for example, an aryl group such as phenyl, tolyl, naphthyl, mesityl, xylyl, anisyl. 

anthryl and methoxyphenyl; an aralkyi group such as benzyl or alpha-phenyl ethyl; an aralkenyl group such as beta- 

phenyl ethenyl; a cycloalkyi group comprising four to 20 carbon atoms such as cyclopentyl or cyclohexyl; a cycloalkenyl 
- group comprising four to 20 carbon atoms such as cyclopentenyl or-cyclohexenyl; an- alkyl group comprising'One.to, 

35 twenty cari^on atoms such as methyl, ethyl, t-butyr,.:pentyl, octyl and eicosyl; and an alkenyl group comprising two to 

20 carbon atoms such as vinyl or pentenyl. , . 

[0031] Examples of useful aldehyde accelerators are benzaldehyde; mesitaldehyde; the ortho, meta and pararlso- 

mers of anisaldehyde; 9-anthraldehyde; 2-naphthaldehyde; the ortho, meta and para-isomers of tolualdehyde; cy- 

clohexane-cart)oxaldehyde; 1 ,2,3,6-tetrahydrobenzaldehyde; 2,4-dimethoxybenzaldehyde; 2-phenyIpropionaldehyde; 
40 amylcinnamaldehyde. actyl aldehyde and trans-cinnamaldehyde. A prefen-ed aldehyde accelerator for use in our 

claimed process is benzaldehyde. 

[0032] An effective concentration of this accelerator is added to the present process, where an effective concentration 

is one that facilitates initiation of the reaction between the silicon hydride and the unsaturated organic compound; 

accelerates the rate of the reaction or reduces the loss of reactivity of the catalyst in the process. An effective concen- 
45 tration of the accelerator is generally within a range of 0.01 to 20 weight percent of the weight of the unsaturated 

component. Prefen-ed is when the accelerator is 0.1 to ten weight percent of the weight of the unsaturated component. 

The accelerator is added to the process as a pre-mix with the platinum catalyst or it is added separately. 

[0033] The temperature at which our process is conducted is usually within a range of -1 O^'C. to 270°C. It is prefen-ed 

to conduct the process at a temperature of 15°C. to 170*^0. The most preferred temperature is within a range of 30**C. 
50 to 150^C. 

[0034] In those situations where the silicon hydride is a dihydrogendihalosilane. that is where the value for subscript 
b is two, it may be desirable to run our process as a two step process. In the first step, the silicon hydride and unsaturated 
component are contacted in the presence of the platinum catalyst and aldehyde accelerator at a temperature which 
favors the formation of a mono-adduct from the reaction of the silicon hydride with the unsaturated component. In a 
55 second step, the temperature of the process is raised to a higher temperature that favors formation of the di-adduct 
from the same reaction. Surprisingly, the conduct of the first step at a lower temperature reduces disproportionation 
of the silicon hydride and thereby reduces byproducts. An example of such a two-step process is provided in the 
following examples. Suitable temperature ranges for each step will depend upon the reactants and are easily deter- 
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mined by those skilled in the art. 
Example 1 

[0035] The ability of aldehydes to act as accelerators for the hydrosilation reaction of cyclohexene with methyldichlo- 
rosilane by platinum catalyst was evaluated. A stock mixture comprising seven percent molar excess of methyldichlo- 
rosilane in cyclohexene was prepared. The cyclohexene was treated with 13 X molecular sieves prior to preparation 
of the mixture. Then 6x10-5 pf^Qies of platinum metal, as a platinum divinylsiloxane complex, per mole of cyclohexene 
were added to the stock mixture. Two milliliter aliquots of the stock solution were transfen-ed to argon-purged glass 
tubes and the aldehyde compounds of Table 1 were added to the tubes at the concentrations also described In Table 
1. The tubes were heat sealed under argon purge and heated at 80'*C. for three hours. After three hours, the tubes 
were cooled and the contents were analyzed by gas chromatography using a thermal conductivity detector (GC-TC). 
The results of this analysis are reported in Table 1 as the normalized area percent of (cyclohexyl)methyldichlorosilane 
(MeCHSiCl2) under the GC-TC trace minus the area of the cyclohexene as 100 percent. 



Table 1 



Aldehydes as Accelerators For Hydrosilation of Cyclohexene with Methyldichlorosilane 


Aldehyde 


Cone. 


GLC Area % 
MeCHSiCl2 


Blank 




37.2 


Blank 




41.2 


Mesitaldehyde 


0.4 Vol.% 


98.6 


9-Anthaldehyde 


0.9Wt.% 


97.5 


2-Phenylpropionaldehyde 


0.4 Vol.% 


97.5 


2-Naphthaldehyde 


0.5 Wt.% 


97.4 


m-Anisaldehyde 


0.4 Vol.% 


97.3 


Cyclohexane-carboxaldehyde 


0.4 Vol.% 


96.9 


Amylcinnamaldehyde 


0.4 Vol.% 


96.2 


1 ,2,3,6-Tetrahydrobenzaldehyde 


0.4 Vol.% 


95.4 


Benzaldehyde 


0.4 Vol.% 


94.9 


2,4-Dimethoxybenzaldehyde 


1.6 Wt.% 


93.4 


trans-Cinnamaldehyde ' 


0.4Vol:%-'-^^ 




o^TdlDaldehyde 


6.4 Vol.% 


85.7 


, . Octyl aldehyde 


0.8 Vol.% 


67.4 


5^EtHyi-2-furaldehyde 


0.4 Vol.% 


4.0 



Example 2 

[0036] The ability of aldehydes to accelerate the reaction of dichlorosilane with cyclopentene in the presence of a 
platinum catalyst was evaluated. A stock mixture was prepared in an argon purged and blanketed bottle. The stock 
mixture comprised 15 weight percent of dichlorosilane In cyclopentene. Next. 7 x 10-^ moles of platinum metal as a 
platinum divinylsiloxane complex, per mole of dichlorosilane were added to the stock mixture. Two milliliter aliquots of 
the catalyzed stock mixture were transfen-ed to argon-purged glass tubes and the aldehydes of Table 2 were added 
to the tubes at the concentrations also described in Table 2. The tubes were heat sealed under argon purge and heated 
at 120''C. for one hour. After one hour, the tubes were cooled and the contents were analyzed by GC-TC. The results 
are presented in Table 2 as the area percent of cyclopentyldichlorosilane (CpHSiCy or dicyclopentyldichlorosilane 
((Cp)2SiCl2) under the GC-TC trace. 



Table 2 



Aldehydes as Accelerators For Hydrosilation of Cyclopentene With Dichlorosilane 






GC-TC Area% 


Aldehyde 


Cone. 


CpHSiCl2 


(Cp)2SiC!2 


Blank 




11.7 


0.3 
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Table 2 (continued) 



Aldehydes as Accelerators For Hydrosilatlon of Cyclopentene With Dichlorosilane 






GC-TC Area% 


Aldehyde 


Cone. 


CpHSiCla 


(Cp)2SiCl2 


m-Anlsaldehyde 


1 .0 Vol% 


13.5 


3.8 


Cyclohexane-carboxaldehyde 


1.0 Vol% 


18.3 


0.0 


2,4-Dlmethoxybenzaldehyde 


0.9 Wt% 


15.6 


0.0 


trans-Cinnamaldehyde 


1 .0 Vol% 


19.0 


0.0 


9-Anthraldehyde 


1.1 wt% 


20.2 


0.0 


2-PhenylpropionaIdehyde 


1 .0 Vol% 


19.3 


0.0 


Benzaldehyde 


1 .0 Vol% 


1.0 


17.7 



Example 3 

[00371 The effect of benzaldehyde and dichlorosilane concentrations on the platinum catalyzed hydrosilatlon of cy- 
clopentene with dichlorosilane were evaluated. Mixtures of dichlorosilane and cyclopentene were prepared in argon 
purged and blanketed bottles. The weight percent of dichlorosilane in each mixture is given in Table 3. A platinum 
divlnylsiloxane complex was added to the mixture to provide the concentrations of platinum listed in Table 3. The 
concentration of platinum is described as the moles of platinum metal per mole of dichlorosilane present in the mixture. 
Two milliliter aliquots of the catalyzed mixture were transferred to argon-purged glass tubes and benzaldehyde was 
added at the concentrations of Table 3 (BZAL Cone). The tubes were heat sealed under argon purge and heated at 
120*^C. for one hour. After one hour..the tubes were cooled and analyzed by GC-TC. The results are presented in Table 
3 as the area percent of cyclopentyldichlorosilane (CpHSiCy or dicyclopentyldichlorosilane ((Cp)2SiCl2) under the 
GC-TC trace. 
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Example 4 

55 [0038] The effect of aldehyde structure and temperature on the hydrosilation of cyclopentene with dichlorosilane was 
evaluated. Stock mixtures containing either 13 weight percent or 15 weight percent of dichlorosilane In cyclopentene 
as described in Table 4 were prepared in argon purged and blanketed bottles. Then, 7 x 1(H moles of platinum metal, 
as a platinum divinylsiloxane complex, per mole of dichlorosilane were added to the bottle. Two milliliter aliquots of the 
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catalyzed mixture were transferred to argon-purged glass tubes and the aldehydes of Table 4 were added to the tubes 
at the concentrations also described In Table 4, The tubes were heat sealed and heated for one hour at the temperatures 
described in Table 4. After one hour, the tubes were cooled and the contents were analyzed by GC-TC. The results 
are presented in Table 2 as the area percent of cyclopentyldichlorosilane (CpHSiCy or dicyclopentyldichlorosilane 
5 ((Cp)2SiCl2) under the GC-TC trace. 



10 



15 



20 



25 



30 



35 



40 



45 



50 



0) 

r-l 

•s 



M 

Id 
u 

OA 
QiU 



o 
u 
o 



9 Q 



0 o 

M C 
0 O 
^ -P 

u c 

*P o 

CO 

u 

d) o 

•o 

i< o 

o m 

U Q 
4D o 



Id 

a 

u 

I 



CM 
r-l 

GO 

ra 



a 

CM 

u 
tn 



04 



(D o 



CM 
iH — ^ 

U 

•H -P 
CO ^ 



TJ o 



0) 
•0 



in m GO vo o\ [ o in oo in 



O CM <M o o 

CM 



o in o 

C^^CM CM 



ro ^ rH oo CM 

• « • • • 

CM U9 ^ CM C^ 
CM CM CM 



CM CM GO 00 
• • • • • 

00 rH ro T-i 



o o o o o 
o o o o o 



o o o o o 

CM CM CM CM M 



cnr^cnroro I m in in in in 



in o o o 
I • • • • 

f-« CM CM CM 



■ ih o o o 
I • • • • 

CM CM CM 



J) 0) 0) 

•d x> 

<D >i >i >i 
-0^43 JO 



d 
Id 



Id 

r-4 CO 

Id 

® 1 
m 6 



O 0) 

Id Id 

•H 

IT 

O 04 



0) 0) « 
Tl P 

*o jd 

^4 T) Tl 

© r-l iH fH 

'd Id Id 



M cd*i-l-H*H 

§ d 3 < 

rH 0) 1 I I 

n m e o Oi 



55 



EP 0 786 465 B1 



Example 5 

[0039] The ability of benzaldehyde to accelerate the reaction of dichlorosllane with cyclopentene In the presence of 
a platinum catalyst using a two-step process was evaluated. A stock mixture comprising 28.5 weight percent of dichlo- 
rosllane in cyclopentene was prepared in an argon purged and blanketed bottle. Two milliliter aliquots of this stock 
mixture were placed in argon purged glass tubes containing a sufficient amount of a platinum divinylsiloxane complex 
to provide a final platinum metal concentration of 7 X 10"^ moles per mole of dichlorosilane. Where indicated for ben- 
zaldehyde or for reference purposes 2-methyl-3-butyn-2-ol (MBO), was added to the tubes as an accelerator. The 
concentration of accelerator was 2 volume percent, based upon the total volume present in the tube. The tubes were 
cooled In an isopropyl alcohol (lPA)/dry ice bath and heat sealed under an argon blanket. In the first-step, the tubes 
where heated at 50*C. for 30 minutes. In the second step, the tubes were heated at 120^C. for 60 minutes. The tubes 
were cooled and the contents were analyzed by GC-TC. The results are reported in Table 5 as the percent area under 
the GC-TC trace. 
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Claims 



1 . A hydrosilation process comprising contacting 
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(A) a silicon hydride described by formula R''aHbSiX4.a-b where each is independently selected from the 
group consisting of alkyls comprising one to 20 carbon atoms, cycloalkyls comprising four to 1 2 carbon atoms 
and aryls; each X is independently selected from halogen atom or organooxy radicals described by formula 
-0R\ where R^ is as previously described, a=0 to 3, b=1 to 3 and a+b=1 to 4; and 

5 (B) an unsaturated component selected from the group consisting of (i) substituted or unsubstituted organic 

compounds containing non-aromat'c, unsaturated carbon-carbon bonds, (ii) silicon compounds comprising 
substituted or unsubstituted organic substituents containing non-aromatic, unsaturated cari^on-carbon bonds, 
and (iii) mixtures of (i) and (ii); in the presence of a platinum catalyst selected from platinum compounds or 
platinum complexes and an aldehyde accelerator, 

10 provided that if the unsaturated component (B) represents an alkene having at least four carbon atoms, the 

substituent R'' of the silicon hydride is a methyl group. 

2. A process according to claim 1 where the silicon hydride is selected from methyldichlorosilane or dichlorosilane. 

15 3. A process according to claim 1 where the unsaturated component is selected from cyclohexene or cyclopentene. 

4. A process according to claim 1 where the unsaturated component is contacted with a 0.1 to ten percent stoichio- 
metric excess of the silicon hydride. 

20 5. A process according to claim 1 where the platinum catalyst is selected from the group consisting of chloroplatinic 
acid, chloroplatinic acid hexahydrate and platinum vinyisiloxane complexes. 

6. A process according to claim 1 where the concentration of the platinum catalyst is one to 1 000 moles of platinum 
metal per 1X10^ moles of non-aromatic unsaturated carbon-carbon bonds provided to the process by the un- 

25 saturated component. 

7. A process according to claim 1 where concentration of the aldehyde accelerator is within a range of 0.01 to 20 
weight percent of the weight of the unsaturated component. 

30 8. A process according to claim 1 where the silicon hydride is contacted with the unsaturated component at a tem- 
perature within a range of -10**C. to 270**C. 

9. A process according to claim 1 where the aldehyde accelerator is selected from the group consisting of mesital- 
dehyde, 9-anthaldehyde, 2-phenylpropionaldehyde, 2-naphthaldehyde, m-anisaldehyde. o-anisaldehyde. p-anisj, 

35 aldehyde, cyclohexane-carboxaldehyde, amylcinnamaldehyde, 1,2,3,6-tetrahydrobenzaldehyde, benzaldehyde, 

2,4-dimethoxybenzaldehyde, transcinnamaldehyde, o-.m- or p-tolualdehyde and octyl aldehyde. 

10. A process according to claim 1 where the silicon hydride is methyldichlorosilane, the unsaturated component is 
cyclohexene. the platinum catalyst is a platinum vinyisiloxane complex and the aldehyde accelerator is benzalde- 

40 hyde. 

11 . A process according to claim 1 where the silicon hydride is dichlorosilane, the unsaturated component is cyclopen- 
tene, the platinum catalyst is a platinum vinyisiloxane complex and the aldehyde accelerator is benzaldehyde. 

45 12. A process according to claim 1 where the silicon hydride is a dihydrogendihalosilane and the process is run as a 
two-step process with the first-step being at a temperature which favors formation of a mono-adduct from the 
reaction of silicon hydride and unsaturated component and the second-step being at a higher temperature which 
favors formation of a di-adduct from the reaction of silicon hydride and unsaturated component. 

50 

Patentanspruche 

1. Hydrosilienjngsverfahren. das umfasst das Inkontaktbringen 

55 (A) eines Siliciumhydrids der Fomnel R%HbSiX4.a.b. worin jeder Rest R"" unabhangig ausgewahit wird aus der 

Gruppe, die besteht aus Alkylen mit 1 bis 20 Kohlenstoffatomen; Cycloalkylen mit 4 bis 12 Kohlenstoffatomen 
und Arylen; jeder Rest X unabhangig ausgewahit wird aus Halogenatomen oder Organooxy-Resten der Formel 
-0R^ worin R^ wie oben definiert ist, a = 0 bis 3. b = 1 bis 3 und a + b = 1 bis 4. mit 
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(B) einer ungesattigten Komponente, ausgewahit aus der Gruppe, die besteht aus (i) substituierten Oder un- 
substltuierten organischen Verbindungen, die nicht-aromatische, ungesattigte Kohlenstoff-Kohlenstoff-Bln- 
dungen enthalten, (ii) Sillcium-Verbindungen. die substituierte oder unsubstltuierte organische Substituenten 
umfassen, die nicht-aromatische, ungesattigte Kohlenstoff-Kohlenstoff-Bindungen enthalten. und (iii) Mi- 
schungen von (i) und (ii); 

in Gegenwart eines Platin-Katalysators, ausgewahit aus Platin-Verbindungen oder Platin-Komplexen, und ei- 
nes Aldehyd-Beschleunigers, 

mit der Maftgabe, dass dann, wenn die ungesattigte Verblndung (B) ein Aiken mit mindestens vier Kohlen- 
stoffatomen darstellt, der Substituent R'' des Siliciumhydrids eine Methylgruppe ist. 

2. Verfahren nach Anspruch 1 . worin das Siliciumhydrid ausgewahit wird aus Methyldichlorosilan oder Dichlorosilan. 

3. Verfahren nach Anspruch 1 , worin die ungesattigte Verbindung ausgewahit wird aus Cyclohexen oder Cydopenten. 

4. Verfahren nach Anspruch 1, worin die ungesattigte Komponente mit einem 0,1 bis 10 %igen stochiometrischen 
Uberschuss an Siliciumhydrid in Kontakt gebracht wird. 

5. Verfahren nach Anspruch 1 , worin der Platin-Katalysator ausgewahit wird aus der Gmppe, die besteht aus Chlo- 
roplatin(IV)saure, ChloropIatin(IV)saure-hexahydrat und Platin-Vinylsiloxan-Komplexen. 

6. Verfahren nach Anspruch 1 , worin die Konzentration des Platin-Katalysators 1 bis 1000 mol Platinmetall pro 1 x 
10^ mol nicht-aromatische ungesattigte Kohlenstoff-Kohlenstoff-Bindungen, eingefuhrt durch die ungesattigte 
Komponente, betragt. 

7. Verfahren nach Anspoich 1 , worin die Konzentration des Aldehyd-Beschleunigers innertialb eines Bereiches von 
0,01 bis 20 Gew.-%. bezogen auf das Gewicht der ungesattigten Komponente, liegt. 

8. Verfahren nach Anspruch 1, worin das Siliciumhydrid mit der ungesattigten Komponente bei einer Temperatur 
innerhalb eines Bereiches von -10 bis 27QPQ in Kontakt gebracht wird. 

9. Verfahren nach Anspruch 1 , worin der Aldehyd-Beschleuniger ausgewahit wird aus der Gnjppe, die besteht aus 
Mesitaldehyd, 9-Anthaldehyd, 2-Phenylpropionaldehyd. 2-Naphthaldehyd; m-Anisaldehyd, o-Anisaldehyd, p-Ani- 
saldehyd, Cyclohexan-carboxaldehyd; Amylcinnamaldehyd, 1 ,2,3,6-Tetrahydrobenzaldehyd; Benzaldehyd, 
2,4-Dimethoxybenzaldehyd,iransrCinnama!dehyd,.0::?n>c:^d.er p-Tolual4^^^ . 

10. Verfahren nach Anspmch 1 . worin das Siliciumhydrid Methyldichlorosilan ist, die ungesattigte Komponente Cyclo- 
hexen ist, der Platin-Katalysator ein Platin-Vinylsiloxan-Kdmplex ist und der Aldehyd-Beschleuniger Benzaldehyd 
ist. 

11. Verfahren nach Anspruch 1 , worin das Siliciumhydrid Dichlorosilan ist, die ungesattigte Komponente Cydopenten 
ist, der Platin-Katalysator ein Platin-Vinylsiloxan-Komplex ist und der Aldehyd-Beschleuniger Benzaldehyd ist. 

1 2. Veri'ahren nach Anspruch 1 , worin das Siliciumhydrid ein Dihydrogendihalogensilan ist und das Verfahren ats Zwei- 
Stufen-Verfahren durchgefiihrt wird, wobei die erste Stufe bei einer Temperatur durchgefuhrt wird, welche die 
Bildung eines Monoaddukts aus der Reaktion des Siliciumhydrids mit der ungesattigten Komponente fordert, und 
die zweite Stufe bei einer hoheren Temperatur durchgefuhrt wird, welche die Bildung eines Diaddukts aus der 
Reaktion zwischen dem Siliciumhydrid und der ungesattigten Komponente fordert. 



Revendications 

1. Proc6d§ d'hydrosilylation comprenant la mise en contact (A) d'un hydrure de siliclum d§crit par la formule 
RiaHijSiX4.a.b chaque R'' est choisi ind6pendamment dans le groupe consistent en les alkyles comprenant 1 
d 20 atomes de carbone, les cycloalkyles comprenant 4 a 12 atomes de carbone et les aryles ; chaque X est choisi 
ind6pendamment parmi un atome d'halogfene et les radicaux organooxy d6crits par la formule -OR'* ou R^ est 
d6crit comme pr6c§demment. a = 0^3, b=1^3eta + b = 1a4;et 

(B) un composant insatur6 choisi dans le groupe consistent en (i) les composes organiques substitu6s ou non 
substitu^s contenant des liaisons carbone-carbone insatur^es non aromatiques, (ii) les composes du silicium conv- 
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prenant des substituants organiques substitu§s ou non substitu^s contenant des liaisons carbone-carbone insa- 
tur6es non aromatiques, et (iii) les melanges de (i) et (ii) ; en presence d*un catalyseur au platine choisi parmi les 
composes du platine et les complexes du platine et d'un acc6lerateur aldehydique, 

a condition que, si le composant insatur^ (B) represente un alcene ayant au moins 4 atomes de carbone, le subs- 
tituant R*" de Thydrure de silicium soit un groupe m6thyle. 

2. Proc6de selon la revendication 1 , ou Thydrure de silicium est choisi parmi le methyldichlorosilane et le dichlorosi- 
lane. 

3- Proc^de selon la revendication 1 . ou le composant insature est choisi parmi le cyclohexene et le cyclopentene. 

4. Proced§ selon la revendication 1 , ou le composant insature est mis en contact avec un exces stoechiom6trique 
d'hydrure de silicium de 0,1 a 10 %. 

5. Precede selon la revendication 1 . ou le catalyseur au platine est choisi dans le groupe consistent en Tacide chlo- 
roplatinique, I'acide chloroplatinique hexahydrate et les complexes de platine et de vinylsiloxane. 

6. Precede selon ia revendication 1 , oCi la concentration du catalyseur au platine est de 1 ^ 1 000 mol de metal platine 
pour 1x10^ mol de liaisons carbone-carbone insatur§es non aromatiques fournies au precede par le composant 
insature. 

7. Procede selon la revendication 1, ou la concentration de I'accelerateur aldehydique est situee dans un domaine 
de 0.01 a 20 % en masse' par rapport a ia masse du composant insature. 

8. Procede selon la revendication 1, ou Thydrure de silicium est mis en contact avec le composant insature a une 
temperature situ6e dans un domaine de -10°C a 270"'C. 

9. Procede selon la revendication 1 , ou I'accelerateur aldehydique est choisi dans le groupe consistent en le m§si- 
taldehyde, le 9-anthaldehyde. le 2-phenylproplonaldehyde, le 2-naphtaldehyde, le m-anisaldehyde, le o-anisalde- 
hyde. le p-anisaldehyde, le cyclohexane-carboxald6hyde, ramylcinnamald6hyde, le 1,2.3.6-tetrahydrobenzal-de- 
hyde, le benzaldehyde, le 2,4-dimethoxybenzaldehyde, le transcinnamaldehyde. le o-, m- ou p-toluald6hyde et 
I'octylaldehyde. 

10. Procede selon la revendication 1 , ou*l%dmre.de.siliciumiest:le.methylctlehlor^^^^ composant insatur§ est 
le cyclohexene, le catalyseur au platine est un complexe de platine et de vinylsiloxane et I'accelerateur aldehydique 
est le benzaldehyde. 

11. Procede selon la revendication 1, ou I'hydrure de silicium est le dichlorosilane. le composant insatur^ est le cy- 
clopentene, le catalyseur au platine est un complexe de platine et de vinylsiloxane et Tacc^lerateur aldehydique 
est le benzaldehyde. 

12. Procede selon la revendication 1, oCi Thydrure de silicium est un dihydrogenodihalogenosilane et le precede est 
mis en oeuvre sous fonme d'un precede en deux 6tapes, la premiere etape etant i une temperature qui favorise 
la formation d'un produit de menoadditien par la reaction de I'hydrure de silicium et du composant insature et la 
seconde etape etant a une temperature plus eievee qui favorise la formation d'un produit de diadditien par la 
reaction de Thydrure de silicium et du composant insature. 
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